The article covers analysis of the technical measures, aimed at meeting the requirements on motor vehicles harmful substances emissions. Assessment estimates of expenses for fulfilling of harmful emissions standards from Euro 4 to Euro 6for light commercial vehicle engine with swept volume 2.0 liter with an aftertreatment system. The articles covers diesel, gasoline and natural gas engines.
Requirements of the Technical
Regulations of the Customs Union, declare that all manufactured and imported into The Russian Federation vehicles shall comply with the harmful substances emissions standard Euro 5, came into force on January 1 st , 2015 (TR TC 018/ 2011). TillDecember 31 st , 2015 the vehicles that were certified and had the vehicle type approval before the end of 2013, may comply with the Euro 4 standard.
In the European Union members beginning from 2014 came into forcethe Euro 6 emission standard for light vehicles and light commercial vehicles. For particular categories of light commercial vehicles the Euro 6 standard regulations are coming into force on September 2015(Regulation # 49).
Alternative fuels, natural gas and biofuels in particular attract more and more interest. Using of these fuels helps to solve a number of issues, such as improvement of energy independence of countries, lowering operating expenses and lowering of harmful substances and greenhouse gases emissions. As well as engines operating on traditional fossil fuels, engines on alternative fuels shall comply with ecological requirements (TerMkrtichian and Mazing, 2014) .
Compliance with the current requirements of the UNECE Regulations requires improvement of the engine design as well as allocation of exhaust-gas aftertreatment devices, which in its turn requires additional expenses, that depend on the fuel type.
The article covers technical and economic assessment of expenses (manufacturing cost), involved in adding, changing and replacement of equipment, and bore by a vehicle manufacturer in order to meet the requirements of the UNECE Regulations. A light commercial vehicle with engine swept volume 2.0 liter, with anaftertreatment system serves as an example. A basic (for comparison) vehicle is illustrated by the vehicle of the Euro 1 emission class . The articles covers diesel, gasoline and natural gas engines (Posada et al., 2012; .
Technologies of emission reduction may nominally be divided into technologies, aimed at prevention of pollutants formation and technologies of exhaust-gases aftertreatment. Technologies aimed at prevention of pollutants formation include fuel systems, turbocharging systems, systems of exhaust gases recirculation, systems for using of alternative fuels (Bahmutov and Karpukhin, 2012, Ter-Mkrtichianand Mazing, 2015) .
Methods of the expenses analysis
Assessments were made without regard to expenses involved in modernization of production. It means that the calculation includes raw materials and components expenses, purchased products and semi-finished products expenses, and labour expenses involved in equipment of a vehicle. DOC = ΣDOC i + WP, ...(1) where DOC -the vehicle manufacture cost; DOC i -cost of thei component; WP -payment for labour. In case of the data availability on DOCi and WP values, provided by the manufacturer, cost information shall be calculated as a simple sum of these values.
In case the DOCi data are unavailable, the below described method may be used (Posada et al., 2012; .
In this case, the retail prices of the components (RP i ) serve as the background data. In case retail prices data are not available for the period of assessment, the latest available retail prices shall be adjusted for the consumer price index (CPI).
In order to reduce retail prices to the prime cost the k 1 coefficient shall be used. The k 1 coefficient shall be taken equal to "retail price equivalent" (RPE) (Johnson, 2011) . In this case DOCi shall be calculated as the component price-RPE ratio.
DOC i = RP i /RPE, ...(2) where RP i -retail price i-component Retail price equivalent is a term introduced by the USA Environmental Protection Agency (EPA) to assess the growth of retail prices of motor vehicles in relation to the emission regulations tightening (Rogozhin et al., 2009 ).
The retail price equivalent value shows the ratio of a vehicle price, which includes manufacturer's price, VAT, trade mark-up to the vehicle production cost. RPE = R / TDC, ...(3) 345 R -vehicle retail price; TDC -vehicle production cost.
According to the EPA research in 2009, RPE value for the world leading auto manufacturers amounts to 1,42-1,49 (Rogozhin et al., 2009) (table 1) .
EPA research in 2009 also mentions RPE value for components. According to the performed assessments EPA, 2004 ) the RPE value amounts from 1.5 for purchased components to 2.0 for components, produced by auto manufacturers themselves. As to the auto components, sold through retail networks, the RPE value amounts to 2.5 with regard to the trade mark-up of the retail network (EPA, 2004; Wang et al. 1993; Kolke, 2004) . Use of injection systems, turbocharging systems and a heat exchanger of charging air cooling allows not only to reduce emissions, but to increase engine power and its fuel efficiency. With regard to this, when calculating expenses for these systems the decreasing k 2 coefficient shall be used. According to the foreign studies (FEV, 2012), the k 2 coefficient value for diesel engines amounts to 0.5. In the long-term perspective, that expenses involved in the production growth and improvement of staff competence are going to decrease. In order to control these effects, the decreasing k 3 coefficient shall be applied, according to the research (EPA, 2010) k 3 amounts to 0.8-1.0 depending on the applied technology. Thus, the exceedence of cost development shall be calculated according to the formula:
.(4) Analysis Results
This part covers cost of emissions reduction technologies in more detail. The results of the cost calculation of various engine improvement technologies are given in the table 2.
Common-rail injection systems are most commonly used for achieving the Euro 3 and higher regulations for diesel engines of light commercial vehicles. Costs of Common-rail injection systems, used for achieving Euro 3 amount to $600 (Johnson, 2011) . Meeting higher requirements for harmful emissions limits implies increase of fuel injection pressure up to 2000…2500 bar (FEV, 2012). K 2 coefficient for the accumulative injection results amounts to 0.5.
Turbocharging systems (turbocompressors) prevailed on the European market until the introduction of the Euro 5 regulations. After the introduction of the Euro 5 regulations, turbocharging systems with variable geometry of a turbine started developing. As well as in the previous case, the k 2 coefficient amounts at 0.5.
The charging air intercooler cost was calculated by division of the retail price by RPE according to the formula 1.
Application of the exhaust-gases recirculation systems in combination with the recirculation exhaust-gases cooling allows to meet the Euro 4-6 standards. Expenses for engine control system calibration are included into the scope of R&D Exhaust-gases aftertreatment systems are applied to reduce amount of already formed pollutants. These systems include an oxidation catalyst (P. R. Phillips (Kubsh, 2007 , Lambert et al., 2004 .
Expenses for the exhaust-gases purification systems consist of expenses for a catalyst, a washcoat, a catalyst carrier support, catalyst canning and labour expenses with overhead cost. Expenses for the selective catalytic reduction system also include expenses foran AdBlue reservoir. As long as the catalist (or a NOx adsorber) volume depends on an engine swept volume, expenses for exhaust-gases aftertreatment system are also a function of an engine. The table 3 shows functions of exhaustgases aftertreatment systems and an engine swept volume (V d ) in liters, obtained by the foreign researchers .
Expenses for R&D equipment and certification, involved in improvement of the engine design were obtained from (EPA, 2000) . With regard to the production volume, these expenses amount from $12 to $51 (Table 4) . Table 4 shows expenses for technologies, necessary for vehicles with diesel engines to meet the Euro 4 and higher requirements. Table 5 shows the expenses for technologies, necessary for vehicles with gas engines compliance with the Euro 4 and higher regulations. It is assumed that natural gas is used in a spark ignition engine. For that purpose the engine has additional port injection gas system with electronic control. Engines that meet the Euro 4 and 5 regulations are equipped with a three-wayaftertreatment system and operate on stoichiometric mixtures. For the Euro 6 regulations on the part-load modes an engine operates on lean mixtures, which considerably increases engine efficiency, whereas for the NO x reduction the selective catalytic system is used in this case. Comparison of expenses for emissions reduction systems for gasoline, gas and diesel engines Table 6 shows comparative analysis of emissions reduction system of gasoline, gas and diesel engines. Expenses for emissions reduction systems of diesel engines exceed that of gasoline engines for the Euro 3 standard by 3-4 times. Expenses for gas engines have middle position between that of gasoline and diesel engines. It should be noted that NO x regulations for gasoline (and gas) engines 3 times tighter than that of diesel engines.
CONCLUSION
Diesel engines require more complex modifications and more complicated exhaustgases aftertreatment systems, than gasoline and gas engines for reaching emissions standards.
Expenses for emissions reduction for diesel engines has grew rapidly since the need for common-rail injection system and exhaustgases aftertreatment technology application appeared. Expenses for compliance of vehicles with the emission regulations for an engine with swept volume 2.0. liter amount from $140 for Euro 2 to $1600 for Euro 6, that is more than 10 times.
Expenses for gas engines emissions reduction technologies amount to $461 for the Euro 3 regulations and $929 for the Euro 6. In the last case, it is planned to use lean mixture and selective catalytic reduction system for NOx in order to create more energy-efficient engine. It is assumed that fuel expenses decreasing in operating conditions will exceed expenses for aftertreatment system, though this requires additional studies within the framework of future research.
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